Several lines of evidence suggest that motoric brain structures may form the core amodal component of a neural network supporting a wide range of timed behaviours. Here, we review recent findings which elucidate the neural computations that occur within motor regions, and in particular the supplementary motor area, in order to support precisely timed actions. Although motor activity may help us represent time, it is also clear that action both enriches and complicates the interpretation of sensory inputs. Hence, in the second half of this review, we consider the latest findings regarding the perceptual distortions that our actions can impose upon our subjective perception of time.
Introduction
Precise timing is an implicit component of all skilled actions, and often also an explicit requirement, as in musical production and dancing. It is possible to view motor timing as a specific process generated by a dedicated timer. However, it is now clear that brain regions traditionally viewed as motoric form part of a core timing network which interacts dynamically with sensory regions to support a range of timing needs. Perception, meanwhile, is not merely a passive process; it is also an active one operating in tandem with the motor system. This implies that, just as for other aspects of perception, we should take our actions into account when interpreting the temporal meaning of sensory inputs. In this paper we provide a selective review of recent work in these two areas. First, we consider the neural mechanisms that support timed behaviours, with a particular focus on the role of the supplementary motor area (SMA), a key node in the cortico-thalamic-basal ganglia timing circuit (CTBGc). Second, we consider the ways in which temporal perception is affected by our ongoing actions.
Neural mechanisms for timed behaviours
Speech comprehension and articulation, as well as music appreciation and execution, depend on intricate loops linking the perception and execution of timed intervals. Hence, the timing mechanism engaged in these complex activities is multimodal and needs to extract temporal information from incoming stimuli and develop predictive signals about upcoming sensory and motor events. This scheme distinguishes time sensation (bottom-up) and time prediction (top-down). There is a vast functional-imaging literature that indicates that timing is based on a partially overlapping neural network that has two elements. The first is a core-timing network that resides in the motor system and includes the CTBGc, which emits predictive signals to the rest of the brain independently of the timing context. The second is a set of areas that are selectively engaged depending on the specific behavioural requirements of a task [1] . Thus, on one hand SMA and the basal ganglia of the CTBGc are activated during time production and perception tasks using both visual and auditory stimuli with various interval structures [2, 3] . On the other hand, specific sensory and association areas are involved in interval timing, depending of the exact temporal paradigm [3, 4] .
Two basic features of interval timing are a linear increase in temporal variability as a function of interval duration, a phenomenon called the scalar property, and a systematic bias in estimated durations towards the mean of the input intervals. Using a Bayesian observer model it is possible to capture both features when the temporal context changes, creating a testable framework regarding how the core timing network represents the prior distribution of intervals and measures time in a scalar fashion [5] . Indeed, a scalar representation of time has been observed recently in the primate SMA [6 ] , as well as in the rodent striatum [7] .
Recent neurophysiological experiments have confirmed that the SMA is a crucial element in the core timing mechanism. The neural activity from this area in macaques was recorded during a synchronization-continuation task (SCT), where the tapping behaviour of monkeys was synchronized to a metronome of isochronous stimuli, followed by a period where animals internally temporalized their movements [8] . Monkeys use an explicit timing
